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he standard treatment for acute venous thromboembolism consists of initial therapy with low-molecular-weight heparin or unfractionated heparin followed by longterm therapy with an oral anticoagulant. 1 This approach is highly effective in most patients, but patients with cancer have a substantial risk of recurrent thromboembolism and hemorrhagic complications. 2, 3 Furthermore, oral anticoagulant therapy is problematic in patients with cancer. Drug interactions, malnutrition, vomiting, and liver dysfunction can lead to unpredictable levels of anticoagulation. Invasive procedures and thrombocytopenia caused by chemotherapy often require interruption of anticoagulant therapy, and poor venous access can make laboratory monitoring difficult. These limitations may contribute to the higher risk of recurrent thromboembolism and bleeding in patients with cancer than in patients without cancer. 2, 3 Secondary prophylaxis with low-molecularweight heparin may be a more effective and practical alternative to oral anticoagulant therapy. Unlike vitamin K antagonists, low-molecular-weight heparins have predictable pharmacokinetic properties and drug interactions, 4 and they can be effective in patients with cancer who have recurrent thromboembolism while receiving warfarin. [5] [6] [7] Poor gastrointestinal absorption is not a concern with subcutaneously injected low-molecular-weight heparins. The therapeutic dosage is based on the patient's weight, and laboratory monitoring is not routinely required. With a rapid onset of action and predictable clearance, they are also convenient for patients who require frequent interruptions of anticoagulant therapy.
We performed a multicenter, randomized, openlabel clinical trial to investigate whether the lowmolecular-weight heparin dalteparin is more effective and safer than oral anticoagulant therapy in preventing recurrent thromboembolism in patients with cancer who have acute venous thromboembolism.
study population
Adult patients with active cancer and newly diagnosed, symptomatic proximal deep-vein thrombosis, pulmonary embolism, or both were eligible. Active cancer was defined as a diagnosis of cancer, other than basal-cell or squamous-cell carcinoma of the skin, within six months before enrollment, any treatment for cancer within the previous six months, or recurrent or metastatic cancer. Proximal deepvein thrombosis was diagnosed on the basis of evidence of thrombus in the popliteal or more proximal veins on compression ultrasonography or contrast venography. 8 A diagnosis of pulmonary embolism required verification by ventilation-perfusion lung scanning, helical computed tomography, or pulmonary angiography. [9] [10] [11] Patients were excluded if they weighed 40 kg or less, had an Eastern Cooperative Oncology Group (ECOG) performance status score of 3 or 4, 12 had received therapeutic doses of any heparin for more than 48 hours before randomization, were already receiving oral anticoagulant therapy, had had active or serious bleeding within the previous two weeks, had conditions associated with a high risk of serious bleeding (e.g., active peptic ulcer or recent neurosurgery), had a platelet count of less than 75,000 per cubic millimeter; had contraindications to heparin therapy (e.g., heparin-induced thrombocytopenia) or the use of contrast medium, had a creatinine level that was at least three times the upper limit of the normal range, were pregnant, or could not return to the clinical center for follow-up.
At base line, a complete blood count was obtained and the prothrombin time, activated partialthromboplastin time, and serum creatinine and liver enzyme levels were measured. The study protocol was reviewed and approved by the institutional review boards of each participating center. Written informed consent was obtained from all patients.
treatment regimens
Patients were assigned to receive subcutaneous dalteparin or an oral anticoagulant. Randomization was stratified according to the clinical center and centralized at the coordinating and methods center at the Henderson Research Centre, Hamilton, Ontario, Canada. The patients assigned to the oral-anticoagulant group received a low-molecular-weight heparin, dalteparin (Fragmin, Pharmacia), initially for five to seven days and a vitamin K antagonist for six months. Dalteparin was supplied in 3.8-ml multidose vials containing 25,000 IU of dalteparin per milliliter. A dose of 200 IU per kilogram of body weight (maximal daily dose, 18,000 IU) was administered once daily. Within 24 hours after randomization, patients in this group also began taking warfarin or acenocoumarol. Warfarin was used in all participating centers except those in the Netherlands and Spain. All doses were adjusted to achieve n engl j med 349;2 www.nejm.org july 10 , 2003
The new england journal of medicine 148 a target international normalized ratio (INR) of 2.5 (therapeutic range, 2.0 to 3.0). Dalteparin was discontinued after a minimum of five days and once the INR had remained above 2.0 for two consecutive days. The INR was measured at least once every two weeks thereafter.
The patients assigned to the dalteparin group received 200 IU of dalteparin per kilogram (maximal daily dose, 18,000 IU) from multidose vials once daily for the first month. For the remaining five months, patients were treated with 75 to 83 percent of the full dose (approximately 150 IU per kilogram) with the use of prefilled syringes. These syringes were supplied according to the patient's weight: 7500 IU for those weighing 56 kg or less, 10,000 IU for those weighing 57 to 68 kg, 12,500 IU for those weighing 69 to 82 kg, 15,000 IU for those weighing 83 to 98 kg, and 18,000 IU for those weighing 99 kg or more. Patients were instructed to inject the entire contents of one syringe once daily. The practice of measuring the anticoagulant effect against activated factor X was discouraged. The only exception was in the cases of patients in whom clinically significant renal insufficiency developed.
Dose adjustment was recommended for patients with thrombocytopenia. Study drug was withheld from patients with a platelet count of less than 50,000 per cubic millimeter and was resumed at the scheduled dose when the count was 100,000 per cubic millimeter or higher. When the platelet count was 50,000 to 99,000 per cubic millimeter, the next lower dose of prefilled syringe was used in the dalteparin group, whereas the target INR was reduced to 2.0 (range, 1.5 to 2.5) in the oral-anticoagulant group.
The assigned study treatment was administered at home whenever possible, and it was continued during hospitalization. Patients, family members, or both were taught how to inject the medication, but home care or equivalent nursing services were arranged if necessary.
follow-up
During the six-month study period, patients were contacted by telephone every two weeks and were seen in the clinic one week and one, three, and six months after randomization. Each clinic visit included a history taking, physical examination, assessment of compliance, and blood drawing for the calculation of a complete blood count and measurement of liver enzymes and creatinine. Scheduled calls and visits included a standardized assessment of the signs and symptoms of recurrent thromboembolism, bleeding episodes, and adverse reactions. Patients were instructed to report to the clinic immediately if they had any bleeding or symptoms of recurrent deep-vein thrombosis, pulmonary embolism, or both. All suspected episodes of recurrent thrombosis were investigated with the use of objective tests, according to prespecified diagnostic algorithms. 13 All patients were followed until the six-month visit, death, or withdrawal of consent, whichever came first.
outcome measures
The primary efficacy outcome was the first episode of objectively documented, symptomatic, recurrent deep-vein thrombosis, pulmonary embolism, or both during the six-month study period. Recurrent deep-vein thrombosis was diagnosed if a previously compressible proximal venous segment or segments could no longer be compressed on ultrasonography or if there were constant intraluminal filling defects in two or more projections on venography. Unequivocal extension of the thrombus was required for the diagnosis of recurrence if the results were abnormal on previous testing. 8, 14, 15 Venography was required to confirm distal deep-vein thrombosis. Pulmonary embolism was diagnosed on the basis of a lung scan indicating a high probability of its presence, as indicated by the presence of new or enlarged areas of segmental perfusion defects with ventilation-perfusion mismatch; an abnormal perfusion scan with documentation of new or recurrent deep-vein thrombosis; the presence of nonenhancing filling defects in the central pulmonary vasculature on helical computed tomography; a finding of intraluminal filling defects on pulmonary angiography; or evidence of fresh pulmonary embolism at autopsy. 9, 14, 15 Secondary outcome events included clinically overt bleeding (both major bleeding and any bleeding) and death. A bleeding event was classified as major if it was associated with death, occurred at a critical site (intracranial, intraspinal, intraocular, retroperitoneal, or pericardial area), resulted in a need for a transfusion of at least 2 units of blood, or led to a drop in hemoglobin of at least 2.0 g per deciliter. 14, 15 All suspected events were reviewed by a central adjudication committee whose members were unaware of the patients' treatment assignments. Supporting documents, including clinical notes, imaging studies, and the results of laboratory tests, were forwarded to the coordinating and methods center for adjudication. All reported episodes that were suggestive of recurrent thrombosis were evaluated and confirmed or rejected as representing recurrence, overt bleeding events were classified as major or minor, and all reported deaths were reviewed to determine the cause of death.
statistical analysis
The initial calculation of the sample size was based on an estimated risk of recurrent thrombosis of 20 percent at six months among patients treated with oral anticoagulant therapy. In order to detect a 50 percent reduction in risk with a power of 0.85 and a two-sided alpha of 0.05, it was determined that 70 primary efficacy outcome events were required. In order to adjust for the loss to follow-up from early death, the sample size was increased by 20 percent. A blinded reassessment of the sample size that was specified in the protocol led us to increase the targeted enrollment by an additional 90 patients. Accordingly, we determined that 676 patients would be required.
An analysis of efficacy end points was performed according to the intention-to-treat principle and included all randomized patients who had a confirmed, qualifying thrombotic event and active cancer. The primary analysis of efficacy was based on the time from randomization to the first recurrent thromboembolic event. Data on patients without events were censored at the time of the six-month visit or death, whichever occurred first. The risk of recurrence over time was estimated according to the Kaplan-Meier method, and the treatment groups were compared with use of the two-sided log-rank test. 16, 17 A Cox proportional-hazards regression model was used to examine the influence of potentially prognostic base-line factors (e.g., age, ECOG status, type of qualifying thrombotic event, and presence or absence of metastases) on the risk of recurrent thromboembolism. Interactions between treatment group and covariates were assessed in the model.
Death from all causes was also calculated and compared with use of the Kaplan-Meier method and the two-sided log-rank test, respectively. Patients who received at least one dose of the study drug were included in the safety analyses. The proportions of patients in each group who had a major bleeding event after the first dose and up to 48 hours after the permanent discontinuation of the study drug were compared with use of a two-sided Fish-er's exact test. Similarly, the proportions of patients in each group with any bleeding were compared.
Two investigators designed and developed the original protocol, which was revised and approved by the steering committee. This committee, composed of seven academic members and one representative of the sponsor, was responsible for overseeing the conduct of the study, formulating the statistical-analysis plan, reviewing and interpreting the data, and preparing the manuscript. The central adjudication committee and data-monitoring committee operated independently of the sponsor. The Clinical Trials Methodology Group at the Henderson Research Centre, Hamilton Health Sciences, was responsible for study coordination, data management, statistical analyses, and administrative * Plus-minus values are means ±SD. ECOG denotes Eastern Cooperative Oncology Group, DVT deep-vein thrombosis, and PE pulmonary embolism. † Eight patients were included in the study before the protocol was amended to exclude patients with an ECOG score of 3 or 4. ‡ Antineoplastic treatment included chemotherapy, radiation, and surgery. Forty-eight clinical centers in eight countries participated (see the Appendix). Recruitment began in May 1999 and was completed in October 2001. Of the 1303 patients who met the inclusion criteria, 439 also met one or more of the exclusion criteria and were not considered eligible. The three most frequent reasons for exclusion were an ECOG score of 3 or 4 (169 patients), treatment with any heparin for more than 48 hours (107), and an inability to reach the clinical center easily (43). Of the remaining 864 eligible patients, 676 provided written informed consent. Eight patients with an ECOG score of 3 were enrolled before the protocol was amended to exclude patients with such a score. Of the 676 consenting patients, 338 were allocated to receive dalteparin and 338 were assigned to oral anticoagulant therapy, each for six months. Patients in the two groups had similar base-line characteristics ( Table 1 ). Ninety percent of the patients had solid tumors (Table 2) , and 67 percent had metastatic disease at the time of randomization.
anticoagulant therapy
The mean duration of study treatment was 125 days in the dalteparin group and 115 days in the oralanticoagulant group. For patients who did not have an outcome event throughout the study period, the mean duration of study treatment was 170 days in both groups.
In the oral-anticoagulant group, the mean ( ± SD) INR was 2.5 ± 0.75. Using linear interpolation over time, we estimated that the INR was in the therapeutic range 46 percent of the time, below the range 30 percent of the time, and above the range 24 percent of the time.
recurrent venous thromboembolism
Two patients in each group were excluded from the efficacy analysis because they did not have a qualifying thrombotic event: one patient had a thrombosis in an arm vein, one had an asymptomatic thrombus in the leg, and the other two did not have a confirmed pulmonary embolism. Symptomatic, recurrent deep-vein thrombosis, pulmonary embolism, or both occurred in 27 of 336 patients in the dalteparin group and 53 of 336 patients in the oral-anticoagulant group ( Table 3 ). The hazard ratio for recurrent thromboembolism in the dalteparin group as compared with the oral-anticoagulant group was 0.48 (95 percent confidence interval, 0.30 to 0.77; P=0.002) over the six-month study period (Fig. 1) . The Kaplan-Meier estimate of the probability of recurrent thrombosis at six months was 9 percent in the dalteparin group, as compared with 17 percent in the oral-anticoagulant group. All recurrent deepvein thromboses were proximal. No significant interactions between treatment group and risk factors were detected. Of the 53 thrombotic events in the oral-anticoagulant group, 20 occurred when the INR was below 2.0. bleeding Three patients assigned to oral anticoagulant therapy did not receive the study drug and were exclud-results Other 41 49 long-term anticoagulation in patients with cancer 151 ed from the safety analyses. Nineteen of 338 patients in the dalteparin group (6 percent) and 12 of 335 patients who received oral anticoagulant therapy (4 percent) had major bleeding (P=0.27). The respective rates of any bleeding were 14 percent and 19 percent (P=0.09). At the time of a major bleeding event, two patients in the dalteparin group had thrombocytopenia. Major bleeding was associated with an INR of more than 3.0 in six patients in the oral-anticoagulant group.
In the dalteparin group, one patient died from massive hemoptysis related to metastatic lung cancer and three patients bled at a critical site: one patient with a brain tumor had intracranial bleeding, one patient with prostate cancer had retroperitoneal bleeding, and one patient with lung cancer had pericardial bleeding. In the oral-anticoagulant group, there were no fatal bleeding events and four patients bled at a critical site: two patients, one with breast cancer and one with prostate cancer, had intracranial bleeding, and two patients, one with a brain tumor and one with prostate cancer, had retroperitoneal bleeding.
mortality
During the six-month study period, 130 patients died in the dalteparin group and 136 patients died in the oral-anticoagulant group. The respective mortality rates at six months were 39 percent and 41 percent (P=0.53) (Fig. 2) . Ninety percent of the deaths in each group were due to progressive cancer.
In patients with cancer, recurrent thromboembolism complicates management and diminishes the patients' quality of life. Our study shows that the risk of symptomatic, recurrent thromboembolism among patients with active cancer is significantly lower with dalteparin therapy than with oral anticoagulant therapy. Although previous trials comparing low-molecular-weight heparins with warfarin for the secondary prophylaxis of venous thromboembolism did not find a difference in the risk of recurrent thrombosis, most of the trials were small and conducted primarily in patients without cancer. [18] [19] [20] [21] [22] [23] [24] We did not detect a significant difference in the rates of major bleeding or any bleeding between the treatment groups. Given the limitations of crossstudy comparisons, the rates of bleeding in the oralanticoagulant group are consistent with those in previous studies. 2, 25 However, our rates of major An event was defined as an objectively verified, symptomatic episode of recurrent deep-vein thrombosis, pulmonary embolism, or both during the sixmonth study period. The hazard ratio for recurrent thromboembolism in the dalteparin group as compared with the oral-anticoagulant group was 0.48 (95 percent confidence interval, 0.30 to 0.77; P=0.002 by the log-rank test). The new england journal of medicine 152 bleeding were lower than those reported in another randomized trial involving patients with cancer; in that study, 7 percent of patients who received lowmolecular-weight heparin and 16 percent of those who received warfarin had major bleeding over a three-month period. 18 Differences in the patient population, the INR control, and outcome assessment may explain some of the variations in these results.
No. at Risk

Dalteparin
The open-label design could be a potential source of bias in our trial. We believed that a double-blind design would not be logistically feasible or safe in patients with cancer who had many other serious conditions and who were taking multiple drugs, potentially increasing the risk of drug interactions. We tried to minimize reporting and diagnostic bias by contacting patients in both groups at frequent and regular intervals, using standardized follow-up procedures, using objective tests to evaluate suspected events, and having all suspected outcomes evaluated by a central committee whose members were unaware of the patients' treatment assignments. Also, substantial bias related to treatment management is unlikely because the level of INR control achieved was similar to that in other studies and showed that patients who received oral anticoagulant therapy were treated adequately. 2, 18 In addition, the mean duration of treatment in patients who did not have any outcome event was the same in the two groups.
When we planned the study, there was little information on the optimal dose of low-molecularweight heparin for secondary prophylaxis. We designed a regimen that would provide intensive anticoagulation initially and potentially reduce the risk of anticoagulant-related bleeding over the long term. Practical issues regarding the long-term use of low-molecular-weight heparin include the cost of the drug and the feasibility of self-injection. Longterm self-injection of dalteparin was acceptable to our patients, and it significantly reduced the risk of recurrent venous thromboembolism without increasing the risk of bleeding. 
